We report on the detection of SiO and H 2 O masers toward a newly found bipolar nebula, IRAS 19312+1950. This object exhibits extreme red IRAS color [log(F 25 /F 12 ) = 0.5 and log(F 60 /F 25 ) = 0.7] and a nebulosity having a size of about 30
Introduction
SiO, H 2 O, and OH masers have been known to be associated with late-type stars. These are stars on the Asymptotic Giant Branch (AGB) with a large mass loss rate. Occasionally, an OH 1612 MHz maser has been found in the envelopes of further evolved objects, e.g., proto-planetary and planetary nebulae (Nyman et al. 1998) . The central stars of these nebulae are in the post-AGB phase or beyond (white dwarf), in which the AGB mass loss has already ceased.
These evolved objects are very often recognized based on their peculiar shape on the optical and near-infrared images (Kwok 2000) , or from their spectral energy distribution (Kwok 1990 ). The point-symmetric morphology of proto-planetary and planetary nebulae has been well studied recently with the Hubble Space Telescope (Sahai 1999; Ueta et al. 2000) . However, it is not clear whether the aspherical shape of these objects is developed throughout the AGB phase, or only in the last transient phase of mass loss to the proto-planetary nebula.
SiO masers are emitted in an envelope close to the central star, and OH masers much further away (Lewis 1989) . When the mass loss ceases, the H 2 O and SiO masers disappear within a few years, whereas the OH masers remain active also during the proto-planetary and early planetary nebula stages (Lewis 1989 ). Therefore, SiO and H 2 O masers can be useful probes for the mass loss of transient objects.
During a survey of galactic disk objects with very red IRAS colors for SiO masers at Nobeyama, we found SiO masers in IRAS 19312+1950 with F 12 = 22.5 Jy and the colors C 12 ≡ log(F 25 /F 12 ) = 0.50 and C 23 ≡ log(F 60 /F 25 ) = 0.70, one of the reddest objects with SiO masers in this survey. Here, F 12 , F 25 , and F 60 are the IRAS flux densities at 12, 25, and 60 µm, respectively. A bipolar-type nebulosity is seen in the 2MASS nearinfrared, J,H,K-band image of this object. Up to now, one positive detections and three questionable detections of SiO masers from proto-planetary nebula candidates have been reported (Nyman et al. 1998 ). This object is the second detection of SiO masers in this type of object. The observed spectra of maser and thermal lines toward IRAS 19312+1950 show slightly odd characteristics, i.e., two peaks in the SiO maser spectrum, and a shift in the radial velocity of the H 13 CN and SO lines from the maser lines. In this letter, we report on molecular line observa-[Vol. 52, tions of this newly found interesting object.
Observations
The observations were made in 2000 May with the 45-m radio telescope at Nobeyama. The detected lines and the observed line parameters are summarized in (Jiang et al. 1996) , accurate enough if compared with the telescope HPBW of about 20
′′ at 43 GHz. The typical pointing accuracy of the telescope was about 5 ′′ , or under windless condition, a pointing accuracy better than 2 ′′ was achieved. We used a cooled HEMT amplifier at 22 GHz, and SIS mixer receivers at 43 and 86 GHz. The system temperature (including atmospheric noise) was 190-400 K at 22 GHz, 160-270 K at 43 GHz, and 250-300 K at 86 GHz, depending on the weather conditions. The aperture and main-beam efficiencies were 0.64 and 0.82 at 23 GHz, 0.58 and 0.73 at 43 GHz, and 0.45 and 0.53 at 86 GHz, respectively. Acousto-optical spectrometer arrays, AOS-H and AOS-W, with 40 and 250 MHz bandwidths with 2048 frequency channels each were used as backends. A high-resolution spectrometer (AOS-H) was used for the SiO (J = 1 − 0, v = 1 and 2) and H 2 O maser lines, and a spectrometer with a wide band coverage (AOS-W) was used for both SiO (J = 2 − 1, v = 1 and J = 1 − 0, v = 1 and 2) lines. The SO 2(2)-1(1) and H 13 CN J = 1 − 0 lines at 86.094 and 86.340 GHz were also observed with the same spectrometer (AOS-W) observing the SiO J = 2 − 1, v = 1 line. The effective spectral resolution was 1.74 km s −1 at 43 GHz and 0.87 km s −1 at 86 GHz in the case of AOS-W, and 0.28 km s −1 at 43 GHz, and 0.55 km s −1 at 22 GHz in the case of AOS-H. All of the observations were made in the position-switching mode using a 10 ′ off position in azimuth.
The observational results are summarized in table 1 and the spectra obtained are shown in figure 1. Emission from the SiO J = 2 − 1, v = 1, and J = 1 − 0, v = 1 and 2, and H 2 O lines were found near V lsr = 20 km s −1 . However, the SO and H 13 CN lines (V lsr ≃ 32 km s −1 ) are significantly shifted in radial velocity from the maser lines. Looking carefully at the spectrum of the SiO J = 1 − 0, v = 2 transition (the second spectrum from the bottom in figure 1), we recognized the presence of another component at 52.8 km s −1 . The corresponding component in the SiO J = 1 − 0, v = 1 spectrum was missing. In the spectrum of the SiO J = 1 − 0, v = 1 transition, a faint secondary component can be seen around V lsr = 18.0 km/s, at the left of main peak at 25.5 km s −1 . These differences in radial velocities in the different transitions need careful interpretation, and are discussed in the next section.
Discussion
The IRAS color of 19312+1950, (C 12 , C 23 ) = (0.50, 0.78), suggests a uniqueness of this object. In a two-color diagram (van der Veen, Habing 1988), this object falls into region VIII, which is occupied by a number of very cool stars. About 30% of objects with the IRAS LRS spectra in region VIII indicate planetary nebulae. The LRS spectra of this object (Volk et al. 1991 ) exhibits weak silicate absorption on a red continuum. On the other hand, this object mimics the color of young stars found in star-forming regions (MacLeod et al. 1998a ). Based on the IRAS colors, it is hard to classify IRAS 19312+1950 as a young planetary nebula or a young star in a star-forming region. It is not surprising that a negative result of the 6.7 GHz methanol maser search was reported toward this object (MacLeod et al. 1998b) . Figure 2 shows the 2MASS near-infrared image (Skrutskie et al.
2000)
1 of the region around IRAS 19312+1950. We can see a nebulosity with two horns extended towards to south west. These horns can clearly be seen on this image, though the IRAS source is pointlike in the J band. From this image and the detections of SiO masers in this source, we conclude that this is a post-AGB star surrounded by a bipolar-type nebulosity (like the Rotten Egg Nebula, OH 231.8+4.2; Morris et al. 1987) . There is no nearby infrared star which is bright in the 2MASS K-band image. We conclude that the extended nebulosity at the center of figure 2 is a part of this object.
A more observational investigation is necessary to clarify the nature of this object. For instance, the radial velocities of the maser and thermal lines toward this object are puzzling. From the velocities of the maser lines (SiO and H 2 O), we infer a stellar velocity of approximately V lsr = 20 km s −1 [it is well known that the SiO radial velocity coincides with the stellar velocity (Jewell et al. 1991) , while H 2 O spectra often exhibit single or double peaks centered at the stellar velocity (Engels, Lewis 1996) ]. However, the J = 1 − 0, v = 2 spectrum exhibits another component at V lsr = 52 km s −1 . It is possi-ble that this interloper component comes from a nearby source which is located by chance in the same telescope beam of about 40 ′′ toward this object; such examples are already known for two cases among the densely populated disk IRAS sources . On the other hand, it is possible to interpret this component as part of a doubly peaked profile which is formed in a rotating disk or expanding shell surrounding this object. In this case, the stellar velocity would be V lsr ≃ 39 km s −1 . If this is correct, it is also possible (but less plausible) to interpret this source as a young stellar object. In past studies, the detection of SiO masers in several star-forming regions has been reported (e.g., Hasegawa et al. 1986; Snyder, Buhl 1974) . A doubly peaked profile with a separation of more than 20 km s −1 was found in Orion IRc2, and has been explained by a rotating and expanding disk model (Plambeck et al. 1990; Barvainis 1984) . On the other hand, SiO masers from proto-planetary nebula show a somewhat broad line profile in past studies; it resembles to a typical profile of SiO masers from a circumstellar envelope of the Mira-type variables (e.g., Nyman et al. 1998 ). Up to now, no clear doubly peaked profile of SiO masers in the bipolar nebulae has been reported.
The radial velocities of H 13 CN and SO are shifted by about 12 km s −1 from the maser lines. Because of this large separation in radial velocities and the slightly asymmetric profiles of these lines, we consider that these thermal lines come from a background molecular cloud. According to the Columbia CO survey in the galactic disk (Cohen et al. 1986) , CO emission at (l, b) = (55.0
• , 0.25 • ) is peaked at V lsr ≃ 30 km s −1 , which coincides with the radial velocities of H 13 CN and SO found in this paper. However, we cannot completely neglect the possibility that the two broad lines of H 13 CN and SO come from the outflowing envelope of this object, unless the component (V lsr =52 km s −1 ) of SiO is proved to come from a totally different source by chance, and until the CO emission in the background molecular cloud is mapped by telescopes with better spatial resolution.
It is known that very few sources are detected in SiO masers beyond C 12 = 0.5 (Nyman et al. 1998) ; only two stars, OH 231.8+4.5 and OH 15.7+0.8, are such extreme sources with C 12 > 0.5 accompanying SiO. However, the color C 23 of these sources are below 0.4. One of the sources with the colors compatible to 19312+1950, is IRAS 18498−0017 (OH 32.8−0.3; C 12 = 0.46 and C 25 = 0.74); H 2 O, SiO, and OH masers have been detected in this source (Cesaroni et al. 1988; Engels, Heske 1989; te Lintel Hekkert et al. 1989) . Near-infrared images of this source are not available at present in the 2MASS archive. It is quite interesting to see if this source also exhibits a bipolar-type nebulosity or not. The color, C 23 ∼ 0.7, of these two objects seems to be meaningfully higher than those of OH 231.8+4.5 and OH 15.7+0.8. However, because the positions of 18498−0017 and 19312+1950 are very near to the galactic plane (b = −0.04
• and 0.2 • ), emission from the interstellar dust grains possibly contaminates the 60 µm flux densities of these objects, as found by the Nobeyama SiO maser survey of the galactic disk IRAS sources . The longterm near-infrared monitoring of 18498−0017 (Engels et al. 1983 ) found a variability with a time-scale of more than 1700 d, suggesting that 18498−0017 is not a normal Mira variable. It may be at a transient stage to the proto-planetary nebula.
Summary
In this letter, we have reported the detection of SiO and H 2 O masers from a newly found bipolar nebula, IRAS 19312+1950. We also observed thermal lines of SO and H 13 CN toward this source, though they are shifted in radial velocity and are probably attributed to the molecular cloud in the same direction.
The authors thank Dr. M. Parthasarathy for stimulating discussions. This research was partly supported by a Scientific Research Grant (C) 20197825 from the Japan Society of Promotion of Sciences. 19312+1950. The antenna temperatures of the bottom three spectra are scaled by factors of 2, 2, and 0.15. The vertical broken line shows a guide for the eye to mark the stellar radial velocity which, is adopted to be at about V lsr =20 km s −1 . The spectrum in the SiO J = 1 − 0v = 1 transition was contaminated by strong spurious signals in the receiver system at V lsr = −10 -−5 km s −1 , so that the bad channels were removed. 
